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Improvements in the Vulcanisation of Rubber. 



We, I. ti. FAHBENIKDrSTHIE A TvTTira- 

UJSSELLSCHA1T- a joint stock company 
organised under the Letts • of Germany, of 
Frankfort-on-Main, Germany, do hereby 
5 declare the nature of this invention and 
in what manner the same is to be per- 
formed, to be particularly described and 
ascertained in and by the following state- 
ment : — 

10 This invention relates to improvements 
in the vulcanisation of rubber. : 

In accordance with the invention rub-, 
her to be vulcanised is incorporated with 
sulphur and a vulcanisation accelerator 

15 ii ot being: an amine containing an ali- 
phatic chain haying more than 9 carbon 
atoms but being in admixture witli a com- 
pound of the latter type, which compound 
arts a_s an activator for the accelerator as 

20 set out below. 

In the present specification and claims 
the term M vulcanisation . accelerator " is 
intended to embrace vulcanisation 
accelerators other . than amines of 

25 the type above referred to ; It 
may be mentioned . that the latter com- 
pounds at least in part \ possess some 
accelerating power, they are not, however, 
true vulcanisation accelerators in a 

30 technical sense. . 

The present invention is based on the 
discovery that the amines in question are. 
capable of activating ,. vulcanisation 

35 accelerators quite generally to , a far 
reaching extent without the danger of 
prevulcanisation occurring. Further- 
more, the combined use of vulcanisation 
accelerators and of the amines defined 

40 has the advantage of yielding in many 
cases vulcanisates of improved tensile 
strength, even when, the total amount of 
the accelerator -f the amine is srnaller than 
1he amount in which the respective 

45 accelerator is applied in the vulcanisa- 
tion processes hitherto known. 

Furthermore, since the amines in 
question do not discolour the vulcanisates 
to any substantial degree and do not lend 

50 any unpleasant odour to . the same, the 
combined use of vulcanisation acceler- 
ators and of amines containing a com- 
[Price!/-] ' 



relatively long aliphatic chain represents 
a remarkable advance in the art of 
vulcanising rubber. 55 

As mentioned above, all the known 
vulcanisation accelerators are activated 
by the amines in question. The best 
results are, however, obtained, when 
applying accelerators not possessing the 60 
character of so-called ultra-accelerators, 
such as unsubstituted or substituted 
niercaptoarylenethiazoles, thiuram-mono- 
and disulphides, diarylene-thiazyl-disul- 
phides and the like. €£ 

Preferred amines containing an ali- 
phatic chain of more than 9 carbon atoms 
are for example 2-amino-nono-decane 
(obtainable by the method described in 
specification No. 384,314), amino-tri- 70 
decanes, heptadecylamines, n-undecyl- 
amiiie, dodecylamines and so on. 

Generally, the amount of the amine to 
be added may be less than the amount of 
tlie accelerator used. Thus, for example, 75 
amounts of the amine corresponding to 
about 0.05 to 0.5% by weight (calculated 
on the rubber to be vulcanised), will yield 
good results in most oases. 

-.--The term "rubber " as used in the 80 
present specification is intended to in- 
clude natural rubber and also artificial 
rubber-like masses obtainable by poly- 
merizing in admixture with one another 
suitable polymer isablc compounds, such 85 
as . butadiene hydrocarbons, styrene, 
vinylnaphthalenes, acrylic acid, acrylic 
acid esters, acrylic acid nitriles, unsatur- 
ated ketones and the like. 

The following examples illustrate the 90 
invention. 

Example 1. 
100 parts by weight of first latex crepe r 
.5 parts by weight of zinc oxide, 
3 parts by weight of sulphur, 95 
1 part by weight of stearic acid are 

well mixed with 
0.6 part by weight of dibenzothiazyl- 

disulphide and 
0.3 part by weight of a mixture of 100 
. 2-amino-nonodecane and ozo- 
kerite (60 : 40) and vulcanised 
bv hea liner. 
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^The following values were obtained : — 

(superatm.) in : Kg/sq cmY " ^^ei^on,^^"/^ 



:20 minutes * ■ - — ^ ^ - : j • \ 

5 30 minutes • . .. 2&1, . - . : r -817 I 

45 minutes " i98 ' " " *' " - 

60 minutes t ; s _ \« • . J98 > 77Q .c: : 

3 atm. (super atm.) 

1 0 mintttek ' : ;• • :.:;.'l92 ? V . . A 820 

10 20 minutes 198 777 

30 minutes 198 790 

0.5 atn^ (superatm.) 
40 minutes insufficiently vulcanised 

S indicates separation of sulphur. .- ^g^, 

15 3?or comparison there are given below the values which are obtainable when 
«. vulcaniBmg the above mixture with 1 part by weight of di-benzothiazyl disul- 
phide without the addition of 2-amino- uonodecane : — 



Heating 2 atm. Tensile strength Extension in % : ^ 

(supera.trnosph.) in tg/sqcm " 



20 20 minutes 112 S 930 

30 minutes 198 S 855 

45 minutes 164 757 . » 

60 minutes 161 73)3 ^* 

3 atm. (superatmosph.) 



25 10 minutes 133 S 885 O 

20 minutes 171 799 «jr*| 

30 minutes 186 733 

0.5 atm. (superatmosph.) 

40 minutes insufficiently vulcanised 

30 S indicates separation of sulphur. 

Example 2. 
100 parts by weight of raw rubber, 
3 parts by weight of sulphur, 
0 parts by weight of zinc oxide, 
35 2 parts by weight of stearic acid, 

0.4 part by weight of mercaptobenzo- 

thiazole and 
0.1 part ib'y weight of 2-amino-tri- 
decane 

40 are mixed and vulcanised by heat- 

ing. 

The following values were obtained - 

. Tensile strength 

Heating 110° C. i n kg/sqem Extension in %. 

45 15 minutes. — 

20 minutes 28 1025 

3 atm. (superatm.) 

15 minutes 208 795 

20 minutes 220 795 

50 2fr minutes 220 805 

30 minutes 190 775 

45 minutes 195 SO5 
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mm 



Tensile strength ■ ! -v ■ 

in kg/sqcm .i^^BxWsiou in %. 



15 minutes.- 
20 minutes 
3 atm. (superatm.) 
15 minutes • •■• 
10 20 minutes 
25 minutes 
30 minutes 
45 minutes 



133 S 
149 S 
177 
160 
171 



59 

143 
192 
183 
171 
158 



875 
855 
856 
840 
850 



108Q 

760 •'• •:; 

766 

79.0. 

780 

785 



15 



35 



A with the addition of 0.4 part Example 3. 

weight of mercapto-benzo-thi-. A mixture of 

azole - 100 parts by weight of raw rubber, 

3 parts by weight of 6ulphtar, 
5 "parts by weight of zijoc oxide, 
B with the addition of 1,0. part by ^ ^dp b 71? ^ diben -*ia zy l 
weight of mercapto~benzo-thi- and 

azole * 0-2 part by weight of 2-amino-nono- 

decane. 

obtained in the usual manner, is 
vulcanised by beating. 

^w*!?? 0 ^^ J alue s were obtained compared with those, obtained by 
vulcanising the above mixture but without the addition pf ^amino-nonodecane :- 

Sftthout addition With addition 

ilensile strength Tensile strength 

kg/sqcm Extension % kg/sqcm. Extension % 



20 S indicates , separation of sulphur. 



25 



30 



Heating 110° C. 



30 minutes 
3 atm. (superatm.) 
40- 10- minutes 
20 minutes 
30 minutes 



insufficient vulcanised insufficiently vulcanised 



155 S- 

175 

183 



905 
865 
885 



242 
198 
202 



845 
805 
825 



S indicates: separation of sulphur. 



The above table shows the considerable 
. increase of the tensile strength by the 
° addition of the small amount of 2-amino- 
• - nonodeeane. . The modulus shows that 
the vulcanisates obtained with the addi- 
tion of the 2-amino-nonodecane are essen- 
tially tougher.. 

A vulcanisation mixture of 
100 parts by weight of raw rubber, 
2.5 parts by weight of sulphur, 
5 parts by weight of zinc oxide, 
0.25 part by weight of tetramethyl- 

thiuram .disulphide and 
0.1 part by weight of 2-amino-nenode- 
cane 

yields when vulcanised for 20 minutes at 
w 1.5 atmospheres (superatmospheric pres- 
sure), a vulcanisate of a tensile 6trensrth 
of 112 kg/sqcm at an extension of 700% : 7": 



50 



55 



When working, without, the addition, a 
vulcanisate. of a tensile strength of 94 
kg/sqcin is obtained; from which it 
results that also in this case a tougher 
vulcanisate with a greater strength is 
obtained. 

Example 5. 
A mixture of 
100 parts by weight of raw rubber, 
5 parts by weight of zinc white, 
3 parts by weight of sulphur, and 
0.8 part by weight of dibenzothiazyl 
disulphide . 
is vulcanised at 3 atmospheres (super- 
atmospheric pressure) for 10; 20 and 30 
minutes with and without the addition of 
0.2 part by weight of n-heptadecylamine. 
The .tensile strengths of the vulcanfeates 
obtained with the addition of the com- 
pound in question are by about 40 



Co 



70 



75 



80 
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4 



412,635 



kg/sqom higher than : those of the 
vulcanizates without the . said addition, 
and the former vulcanisates are also con- 
siderably tougher. 
5 Example 6. 

When vulcanising the inixtuTe of 
-example 5 with 2.5 parts by weight of 
. sulphur aud 0.25 part by weight of tetra- 
methylthiurani disulphide and with the 
. Heating 

2P 0.5 atm. without 
(superatm^) addition 



addition of a). 71-uhdecylamine b) n-dode- 
cylamihe c) ^-heptadecylamine the follow- 
ing values were obtained for the tensile 
strength in kg/sqcm at an extension of 
700%, which show that the vulcanisates 
obtained with the addition of the above 
named amines "are" considerably tougher 
than those obtained without such an addi- 
tion : — 



+ 0.1 part by +0.1 part by +0.1 part by 
weight of a weight of 6 weight of c 



10 



15 



30 min. 
1.5 atm. 
(super atm.) 

15 min. 
. 20 min. 

30 min. 



58 
81 



insufficiently vulcanised 



88 
111 
108 



94 
118 
113 



89 
114 
111 



'Example 7_. 

A mixed polymerizate* is prepared by 
30 polymerizing a mixture of 75 parts by 
weight of butadiene and 25 parts by 
weight of isopropenylmethyl ketone 
according to an emulsion-polyinerization 
process. This polymerizate was 
35 vulcanized in the following mixture:— 
100 parts by weight of the polymerizate 
50 parts . by weight of carbon black 
(trade mark ^ Dixie ") 
5 parts by weight of zinc white 



2 parts by weight of stearic acid 

2 parts by 'weight of a mixture of colo- 

. phony and pine tar 1 : 1 : 
1 part by weight of sulphur 
0.8 part by weight of accelerator. 
As accelerators were applied 

a) 0.8 part by weight of mereaptobenzo- 

thiazyl disulphide 

b) 0.5 part by weight of mercaptobenzo- 

thiazyl disulphide and 
0.3 part by weight of 2-aminonode- 
: . . ; : cane. 



Tbe following values were obtained .:— 

Heating Tensile strength 

3 atm. in kgycm2 



Extension % 



55 


(supei'atni.) 


a 


b 


a 


b 




45 min. 


160 


226 


540 


440 




60 min. 


188 


•• 241 


350 


440 




90 min. 


193 


249 


325 


430 




• 120 min. . 


.; 143 


v 228 


240 


385 



40 



45 



50 



60 - . Example 8. 

A mixed polymerizate was prepared by 
polymerizing a mixture of .75 parts by 
weight of butadiene and 25 partB hy 
weight of acrylic acid nitrile according 

65 to an emulsion process. This poly- 
merizate was vulcanized in the following 
mixture: — 

100 parts by weight of polymerizate 
60 parts by weight of carbon black 
70 (trade mark " Dixie ") 

10 parts by weight of zinc white 

The following, figures were obtained: — - . 
88 Heating . Tensile strength 

3 atm. in hg/cm2 

(superatm.) a b 



2 parts by weight of stearic acid 
2 parts by weight of a mixture of colo- 

- phony and pine tar 1:1 
1 part by. weight of sulphur 
1 part by weight of accelerator. 
As accelerators ware applied : — 

a) 1 part by weight of mercaptobenzeno- 
tiazyl disulphide. 

b) . 0.7 part by weight of mercaptobenzo- 
thiazyl disulphide and 

0.3 part by weight of 2-amino-nono- 
decane. 



Extension 

% 



76 



80 



a 


b 


S05 


710 


690 


630 


710 


650 


585 


635. 



90 



45 rain. 
60 min. 
90 min. 
120 min. 



191 
238- 
254 
237 



282 
273 
316 
306 



412,635 



In the above examples the amines 
defined may be applied in conjunction 
with ozokerite, paraffin, paraffin oil or 
other similar agents, 
g Having now particularly described and 
ascertained the nature of our said inven- 
tion and in what manner the same is to 
be performed, we declare that what we 
claim is : — 

£q 1. Process for the vulcanisation of rub- 
ber which comprises incorporating with 
rubber sulphur, a vulcanisation acceler- 
ator (as hereinbefore defined) and an 
amine containing an aliphatic chain 

£5 having more than 9 carbon * atoms, and 
vulcanising the mixture. 

2. Process as claimed in claim 1, in 
which an accelerator other than an ultra 
accelerator is used. 



3. Process for the vulcanization of 
rubber substantially as described in the 
examples. 

4. Rubber vulcanisates when produced 
by the process claimed in any of claims 
1 — 3. 

5. For use in the vulcanisation of rub- 
ber, a mixture comprising a vulcanisation 
accelerator (as hereinbefore defined) and 
an amine containing an aliphatic chain 
having more than 9 carbon atoms. 

Dated the 5th day of January, 1933. 

CARPMAELS & HANSFORD, 
Agents for Applicants, 
24, Southampton Buildings, London, 
W.C. 2. 
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Redhill: Printed for Bis Majesty's Stationery Office, by Lore & Malcomson, Ltd.— 1934. 
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